Introduction
As a result of the shortage of resources in the health care industry, decision-makers are forced to increasingly consider the economic efficiency of services in addition to the medical justification. In the past the health care policy discussion focused on regulating the pharmaceutical sector. Prior to the Act on the Reform of the Market for Medicinal Products becoming effective in 2011, pharmaceutical companies were able to freely set the prices for their products after receiving clinical approval by the European Medical Agency or the Federal Institute for Drugs and Medical Devices. Regulatory instruments like reference prices and prescription advice issued by Federal Joint Committee based on therapeutic assessment only late took effect. According to the Act on the Reform of the Market for Medicinal Products, pharmaceutical companies must present a value dossier to the Federal Joint Committee following drug approval. The dossier must prove the additional benefit of the pharmaceutical over the appropriate comparator. If a positive additional benefit is proven, discounts are negotiated with the National Association of Statutory Health Insurance Funds. Following clinical approval, pharmaceuticals are also tested internationally with respect to their eligibility for reimbursement. The British National Institute for Health and Clinical Excellence assesses the cost effectiveness of new pharmaceuticals based on Health Technology Assessments (HTAs) -systematic assessments to determine effectiveness and efficiency -and health economics models and provides recommendations for reimbursement of these products [1] .
To date, medical devices as used in radiology have not been the focus of the health care policy discussion. Although, for example, the Institute for Quality and Efficiency in Health Care, which is involved in the evaluation of the value dossier, has been promoting expansion of the Act on the Reform of the Market for Medicinal Products to include medical devices, the discussion has primarily involved medical devices that remain in the body. The EU Medical Device Regulation marks a fundamental change in this market.
At first glance, it is surprising that the effectiveness and efficiency of medical devices play practically no role in the health care policy discussion. Although large medical systems (like CT and MRI units) are regulated in the statutory health care sector by authorization restrictions and minimum quantities, the systems are often used in patient care. According to the Federal Office of Statistics, the number of CT units in German hospitals has increased in the period of 2012 to 2016 from 1463 to 1537 and the number of MRI units from 891 to 987 [2] . At the same time, the number of hospitals in Germany has decreased from 2017 to 1951 [3] . According to the 2011 Barmer GEK physician's report, 6 % of the German population (4.88 million) underwent at least one CT examination in 2009 and a further 7.2 % (5.89 million) underwent at least one MRI examination [4] . The total cost was estimated at 1.76 billion Euros, including 1.25 billion Euros for the outpatient sector, which accounts for 3.2 % of the treatment costs in the statutory health care sector [4] . Despite the high demand for radiological imaging, there seems to be both a low demand for and supply of valid effectiveness and efficiency data. There are multiple reasons for this: although the fundamental technical suitability of an imaging device (based on technical parameters) and the technical quality of images are to be examined, radiology expertise is required to obtain a finding with clinical relevance. Even when the often overlooked factor of radiology expertise is ignored, it is difficult to perform primary studies regarding treatment relevance in radiology. The potential effects of results from systematic research are also questionable. Moreover as a result of these basic conditions, there is a lack of incentive to finance medical and economic studies as well as reviews of these studies (e. g. by an HTA) in radiology. Details are discussed in the following with a focus on use in diagnostic radiology.
HTAs in radiology
Per definition, an HTA is a method to be used on an interdisciplinary basis for the systematic and transparent evaluation of medical methods and technologies with respect to medical, economic, legal, social, and ethical aspects with the goal of supporting (medical) decision processes. The term technology in this case relates not only to technical devices but also to medications, instruments, procedures, and methods. The core of the HTA report is systematic review of the effectiveness and efficiency of the technology to be evaluated [5] . ▶ Fig. 1 shows the assessment process of an HTA which starts with determination of the question (the PICO model can help here [6] ).
Diverse methods and tools were developed to support the analysis of the literature in an HTA. Methods for assessing the medical and economic literature are discussed in the following. The methods differ depending on the technology and the purpose. Therefore, levels of evidence according to evidence-based medicine (EBM) were defined to evaluate the effectiveness of pharmaceuticals, for example. Results from meta-analyses and systematic reviews of randomized controlled trials (RCT) have the highest evidence and expert opinions have the lowest [7] . However, these levels of evidence cannot be transferred to the assessment of radiology methods since RCTs are not the gold standard here (▶ Table 1 ).
These differences were discussed for the first time by the Canadian Evidence-Based Radiology Working Group [8] which coined the phrase evidence-based radiology (EBR). The goals of EBM and EBR are the same: derive valid statements regarding the effectiveness of medical measures, apply them in practice, and integrate individual clinical expertise with the best available external evidence from systematic research [7] . However, the special features of radiology are taken into consideration and other target variables and assessment criteria are used in EBR. ▶ Table 2 shows the target variables of radiodiagnostic studies with these building on one another (e. g. diagnostic accuracy cannot be achieved without technical quality). Various assessment sheets are used to record and evaluate studies in accordance with these target variables in HTAs. ▶ Table 3 was developed by the Scottish Intercollegiate Guidelines Network (SIGN) and shows the requirements regarding the quality of such studies. ▶ Table 4 provides an overview of HTA reports in radiology in the period 2012 -2017.
One challenge when evaluating new large diagnostic systems is the use of these systems for a wide range of diseases from a herniated disk to cancer. Even when the use of an imaging method is considered with respect to only one tumor entity, there are significant differences in the follow-up of the different tumor stages and the various treatment paths that affect the value of a diagnostic method. Therefore, clear advantages of PET-CT were determined in a study regarding PET-CT follow-up compared to neck dissection. However, these results only apply to N2 stages and the authors emphasize that it does not seem possible to apply the results to the N3 stage [9, 10] . In consideration of the increasingly differentiated approach to different receptor-and geneassociated tumor entities, a study regarding the detection of metastases in "breast cancer" no longer seems up-to-date, for example. Moreover, secondary factors like the expertise of the reporting physicians and the process quality play a role in diagnostic processes. With respect to benefits, factors such as selection of the appropriate imaging method and inclusion of the radiologist in clinical decision processes are as important as technical qualities.
In addition to a medical evaluation, economic studies are identified and evaluated in an HTA. These include cost efficiency studies and cost-benefit studies [11] . The former evaluate alternative ▶ diagnostic value ▪ number of cases in which the radiology finding was helpful for diagnosis therapeutic value ▪ number of cases in which the radiology finding was helpful for treatment ▪ number of cases in which clinical intervention could be avoided based on the radiology finding patient-relevant benefit ▪ advantages for patients when using radiology imaging vs. not using ▪ morbidity that could be prevented based on radiology imaging economic benefit ▪ cost-benefit or cost-efficiency ratio technologies (e. g. the use of MRI compared to X-ray) by linking cost and effectiveness parameters. A comparison study of followup regimens after rectal cancer surgery with and without computed tomography over a course of almost 9 years elucidates the fact that it takes significant effort to collect comparative data in this context and the results are not definitive even with intensive planning and large patient numbers. The question could not be answered by this study [12] . In diagnostic radiology, every target variable shown in ▶ Table 2 can theoretically be an effectiveness parameter [13] . In addition, the perception of patients (PRO -patient reported outcomes) is becoming increasingly important in HTAs. To date, this has only been taken into consideration in interventional radiology [14 -16] . The call for patient-centered diagnostic radiology can be interpreted as a start in this direction [17] . In health economics, particularly patient-relevant outcomes such as increased quality of life, increased life years, or reduced morbidity are of interest. In cost-utility analyses, complex utility values like quality-adjusted life years (QALY) or health-related quality of life (HRQOL) are used. An incremental approach in which the additional costs of an innovation compared to the standard procedure are determined and divided by the additional benefit resulting from the innovation to form the incremental cost-effectiveness ratio is used here to compare two alternatives. This reflects the costs per additional unit of utility (e. g. QALY, increased life years, HRQOL) [11] . It is typically not possible to observe direct patient-relevant effects in a comparison of diagnostic measures in one study. Health economics models that evaluate the long-term effects and costs of the use of a diagnostic method including the subsequent therapeutic effect can be used here [18] .
HTAs: lack of demand, lack of supply
It is interesting to analyze HTA results for which no statement regarding evidence can be made since, for example, only studies of poor quality are available but the method has nonetheless become established in health care. There are two possible reasons for this lack of evidence: (1) the so-called publication bias [5] (only studies with positive results are published) and (2) a lack of incentive to conduct the corresponding studies.
The following focuses on the incentive structures for the creation of primary studies and HTAs in diagnostic radiology and the organizational challenges. The pharmaceutical sector is used for comparison. Even though pharmaceuticals are pharmacological goods and radiology devices are medical devices, they are both used in patient care and their use is reimbursed by statutory health insurance and private health insurance.
There is a high degree of diversity among large radiology systems with respect to both products and suppliers. Numerous manufacturers offer a range of MRI and CT systems with various modifications. At least in theory, the product life cycle is short (according to the depreciation table of the Federal Ministry of Finance, the useful life is 8 years [19] ). The Committee on Scientific Instrumentation of the German Research Society states that large systems are to be replaced within a period of ten years and that diagnostic systems can only remain up-to-date for five years [20] .
The life cycle of medical devices is characterized by intensive feedback between practice, research, and development often resulting in product modifications [18] . In the case of pharmaceuticals, modifications are not possible after approval and require new research and development phases and clinical trials. The duration of a patent for pharmaceuticals is approx. 8 -12 years minus the research and development time. After that time the pharmaceutical is usually in competition with generics. The patent situation for large radiology systems is usually complex. The rights for many patents held by the largest manufacturers are relinquished early for common use. In addition, there are no "generics". The underlying technology is complex and the currently valid standards are often met only by a few international companies. Innovations are usually implemented on the established technology platforms of these companies, often in cooperation with university hospitals. The approval process for pharmaceuticals and large radiology systems also differs greatly. While the approval of pharmaceuticals is essentially performed by the European Medical Agency (EMA) for all of Europe, the requirements for the approval of medical devices previously differed on a national level. These requirements were harmonized by the EU Medical Device Regulation. The goals of approval also differ. Pharmaceuticals must provide evidence of efficacy, safety, and pharmacological quality in doubleblind RCTs for clinical approval, while CE certification is required for medical devices in Europe. "The aim of the CE marking is to symbolize the conformity of a product with the levels of protection of collective interests imposed by the total harmonization directives and to indicate that the economic operator has undergone all the evaluation procedures laid down by Community law in respect of his product" (EC no. L 220/23 dated 8/30/1993). As a result, the focus is on safety and technical performance. The extent to which the device is better than a comparator or increases patient benefit does not play a role in CE certification. Therefore, RCTs are not relevant for approval and there is no incentive for manufacturers to conduct and finance corresponding studies. Instead, manufacturers conduct studies to show individual performance advantages over other suppliers. However, these studies are often not randomized, the scope and investment are minimal, and the studies tend to highlight technical features rather than the fundamental benefit of a technology.
When evaluating the reimbursement process for diagnostic radiology services, a differentiation between the inpatient and outpatient sector is necessary. It differs greatly from the reimbursement process for pharmaceuticals as outlined in the introduction. In Germany inpatient services are primarily billed using diagnosis-related groups (DRGs). The DRG catalog (published by the Institute for the Hospital Remuneration System) includes all billable DRGs. All general hospital services required to care for a patient (defined according to § 2 of the Hospital Remuneration Act) are reimbursed based on the rates defined there. As a result of the ban reservation of the Federal Joint Committee -everything is allowed in the inpatient sector unless prohibited by the Federal Joint Committee in accordance with § 137c SGB V -for now every new examination and treatment method can be used in the hospital, thereby promoting the development of innovative methods [21] . However, the use of innovative methods in the inpatient sector does not automatically result in corresponding reimbursement. To receive separate payment in such cases, an application can be submitted for new examination and treatment methods ( § 6 paragraph 2 Hospital Remuneration Act). Payments for approved new examination and treatment methods are set for a fixed term and in a case-based manner. Individual new examination and treatment methods are integrated in the DRG catalog in subsequent years in the form of DRGs or supplementary payments.
It is largely at the discretion of the individual hospital to decide on an economic basis which (new) examination and treatment methods will be used for providing patient care. Accordingly, each hospital would theoretically have an interest in data regarding the effectiveness and cost efficiency of imaging methods. Based on this individual assessment, it is difficult to determine the affect health economics studies regarding imaging technologies would have on investment decisions in a particular hospital. Therefore, hospitals could decide to introduce a technology despite a minimal proven advantage, for example to expand their own position in the market, to retain employees, to comply with guidelines, or to secure additional revenue through third-party orders. The internal and external marketing goals of a hospital cannot be ignored here [5] . The results of an HTA that does not take such system effects into consideration can represent at most only part of the decision process of a hospital.
▶ Table 4 Overview of the number of HTA reports in radiology in the period 2012 -2017, source [23] , pg. 594 publication year organ system imaging modality source 2017 breast Mammo, MRI [24] head/neck PET-CT [10] 2016 lung CT [25] lung CT, DCE-CT, FDG-PET-CT [26] all PET-CT, PET-MRI [27] 2015 breast CT [28] abdomen CTC [29] 2014 neuro MR-DWI, CT [30] all MRI [31] 2013 abdomen TE [32] abdomen Sono, CT, MRI [33] 2012 cardio CT-angio, angio [34] CTC -CT-colonography; TE -transient elastography; DCE-CT -dynamic contrast-enhanced CT; FDG-PET-CT -18-fluorodeoxyglucose-positron emission tomography; MR-DWI -magnetic resonance diffusion-weighted brain imaging; PET -positron emission tomography.
Analysis by the Federal Joint Committee for inclusion in the uniform value scale is mandatory in the outpatient sector (authorization right). The Federal Joint Committee must make recommendations regarding the "recognition of the diagnostic and therapeutic benefit of the new method and its medical necessity and economic efficiency -also in comparison to methods already performed at the expense of the health insurance funds -according to current scientific knowledge in the relevant therapy approach" ( § 135 paragraph 1 SGB V). If the service is included in the uniform value scale, it can be billed as part of the physicians' budgets. However, in radiology imaging, e. g. MRI, reimbursement is fundamentally not related to a specific MRI technology. The part of the body being examined (head, chest, etc.) and whether contrast agents or dynamic sides were used are relevant for billing. Under consideration of certain minimum standards, the MRI technology that was used is not relevant. This shows again that individual manufacturers do not have an incentive to conduct corresponding studies relevant to the Federal Joint Committee.
Conclusion and outlook
The commercial incentive and the interest are not significant enough on the part of customers as well as suppliers of large radiology systems to individually invest in the evaluation of a technology. The same is true for the creation of systematic reviews (like HTAs). Even with sufficient medical and economic evidence, it is unclear whether, for example, hospital management would take the information obtained by an HTA into consideration in economic decisions. To sum it up: No demand -no supply.
However, the systematic compilation and evaluation of the medical and economic literature are a fundamental component of EBR that should not be neglected. Physicians cannot be expected to be EBR-compliant when the evidence is so low that it is hardly possible to derive practical instructions from the literature. For this reason, there should be a desire for more evidence in the literature. In light of the described problems regarding incentive, university hospitals as well as public funding agencies have an important role in the promotion and implementation of medical studies and studies on medical economics. It would be desirable for additional funding sources for innovation and benefit assessment of imaging methods to be made available for example to cost carriers to allow more independent research in this area. As a result, a scientifically substantiated basis could be created to be able to use and further develop diagnostic methods in an evidence-based manner in the future.
